Ochrobactrum anthropi, formerly known as CDC group Vd, is an oxidase-producing, gram-negative, obligately aerobic, non-lactose-fermenting bacillus of low virulence that occasionally causes human infections. It is highly resistant to all ␤-lactams except imipenem. A clinical isolate, SLO74, and six reference strains were tested. MICs of penicillins, aztreonam, and most cephalosporins tested, including cefotaxime and ceftazidime, were >128 g/ml and of cefepime were 64 to >128 g/ml. Clavulanic acid was ineffective and tazobactam had a weak effect in association with piperacillin. Two genes, ampR and ampC, were cloned by inserting restriction fragments of genomic DNA from the clinical strain O. anthropi SLO74 into pBK-CMV to give the recombinant plasmid pBK-OA1. The pattern of resistance to ␤-lactams of this clone was similar to that of the parental strain, except for its resistance to cefepime (MIC, 0.5 g/ml). The deduced amino acid sequence of the AmpC ␤-lactamase (pI, 8.9) was only 41 to 52% identical to the sequence of other chromosomally encoded and plasmid-encoded class C ␤-lactamases. The kinetic properties of this ␤-lactamase were typical for this class of ␤-lactamases. Upstream from the ampC gene, the ampR gene encodes a protein with a sequence that is 46 to 62% identical to those of other AmpR proteins and with an amino-terminal DNA-binding domain typical of transcriptional activators of the Lys-R family. The deduced amino acid sequences of the ampC genes of the six reference strains were 96 to 99% identical to the sequence of the clinical strain. The ␤-lactamase characterized from strain SLO74 was named OCH-1 (gene, bla OCH-I ).
The species of the genus Ochrobactrum form two groups: Ochrobactrum anthropi and O. intermedium (25) . O. anthropi, formerly classified as CDC group Vd, is a nonfastidious, gramnegative bacillus that is strictly aerobic, oxidase positive, and motile (with peritrichous flagella), does not ferment lactose, and has strong urease activity (8, 16) . O. anthropi is widespread and is distributed in water and hospital environments. In some cases, it has been isolated from water-based environments in hospitals (antiseptic solutions, dialysis fluids) (12) . It has often been found on human clinical material: it often adheres to catheters, but pacemakers, intraocular lenses, and silicon tubing may also become infected (10, 18) . Although only weakly virulent, O. anthropi causes hospital-acquired infections, often in immunocompromised hosts (7, 11, 14, 27) . O. anthropi is usually resistant to ␤-lactams, such as broad-spectrum penicillins and oxyimino cephalosporins, except for cefepime in some cases and aztreonam (3) . It is generally susceptible to carbapenems and aminoglycosides (19) , trimethoprim-sulfamethoxazole (4), ciprofloxacin, and tetracyclines. The most effective antimicrobial agents for treating human infections are imipenem, trimethoprim-sulfamethoxazole, and ciprofloxacin (7) , sometimes in conjunction with catheter removal (28) . As this bacterium displays extensive resistance to ␤-lactams, we screened for and cloned a ␤-lactamase gene.
MATERIALS AND METHODS
Bacterial strains. Table 1 shows the bacterial strains used in this study. O. anthropi SLO74 was isolated in November 1991 at Saint-Louis Hospital (Paris, France) from a blood culture from a leukemic patient with catheter-related sepsis. Six reference strains of O. anthropi were obtained from the collection of the Pasteur Institute (Paris, France). Escherichia coli XL1-Blue (Stratagene, Amsterdam, The Netherlands) and E. coli HB101 (Bio-Rad, Marnes-La-Coquette, France) were used for cloning and subcloning experiments, respectively. Antimicrobial agents and MIC determination. The antimicrobial agents used were standard laboratory powders. The antimicrobial agents used were as follows: amoxicillin, clavulanic acid, and ticarcillin (SmithKline Beecham, Nanterre, France); piperacillin and tazobactam (Wyeth-Lederle, Oullins, France); cephalothin and cefamandole (Eli-Lilly, Saint-Cloud, France); cefepime (BristolMyers Squibb, Nanterre, France); cefotaxime (Aventis, Paris, France); cefoxitin and imipenem (Merck Sharp & Dohme-Chibret, Paris, France); aztreonam (Sanofi, Paris, France); and ceftazidime (GlaxoWellcome, Marly-le-Roy, France).
MICs were determined with the standard agar dilution technique on MuellerHinton agar (Bio-Rad) with a multiple inoculator and an inoculum of 10 5 CFU per spot. All plates were incubated at 37°C for 18 h. The MICs of some ␤-lactams (amoxicillin, ticarcillin, and piperacillin) were determined alone or in combination with 2 g of clavulanic acid per ml or 4 g of tazobactam per ml.
Cloning experiments and recombinant plasmids. The chromosomal DNA of O. anthropi SLO74 was prepared as described by Grimont and Grimont (13) . It was digested with EcoRI (Roche Biochemicals France S.A., Meylan, France) and ligated using T4 DNA ligase (Amersham Pharmacia Biotech, Saclay, France) into the EcoRI site of the pBK-CMV phagemid (Table 1 ) (Stratagene). Recombinant plasmids were introduced into E. coli XL1 by the standard CaCl 2 technique. Antibiotic-resistant colonies were selected on Drigaski agar (Bio-Rad) containing ceftazidime (2 g/ml) and kanamycin (25 g/ml) (Sigma, Saint-Quentin Falavier, France). Recombinant plasmid DNA was recovered using Qiagen columns (Qiagen, Courtaboeuf, France), and the size of the inserts was estimated by restriction enzyme digestion and electrophoresis in 1 to 3% agarose gels.
The recombinant plasmid pBK-OA1 was double digested with SacII (Roche Biochemicals) and EcoRI, and the resulting fragment was ligated into the pBC SK ϩ phagemid (Table 1 ) (Stratagene) digested with the same enzymes. Trans-formants were selected on the basis of resistance to amoxicillin (40 g/ml) and chloramphenicol (25 g/ml) (Sigma) using Drigalski agar plates. Preparation of crude extracts of ␤-lactamase. The O. anthropi SLO74 strain and the six reference strains of O. anthropi (Table 1) were cultured overnight at 37°C in 100 ml of Trypticase soy broth. For cultures of the E. coli XL1(pBK-OA1) clone and the E. coli HB101(pSK ϩ -OA2) subclone, amoxicillin (40 g/ml) and more kanamycin (25 g/ml) or more chloramphenicol (25 g/ml), respectively, were added to the medium to maintain selection pressure. Bacterial suspensions were pelleted (30 min at 5,800 ϫ g), resuspended in 2 ml of 20 mM Tris buffer (pH 7.5), and disrupted by sonication (two times for 30 s each at 20 Hz) (Vibra Cell; Bioblock Scientific, Illkirch, France). The crude extracts were cleared by centrifugation at 48,000 ϫ g for 30 min at 4°C.
IEF. All ␤-lactamase extracts were subjected to analytical isoelectric focusing (IEF) (1) on an ampholine polyacrylamide gel with a pH range of 3.5 to 10. The gel was put in a Multiphor apparatus (Amersham Pharmacia Biotech) for 18 h at 200 V, 15 mA, and 6 W. The focused ␤-lactamases were detected by overlaying the gel with 1 mM nitrocefin (Oxoid, Paris, France). The pI markers were those for the reference ␤-lactamases: for TEM-3 (pCFF04), pI is 6.3; for SHV-4 (pUD21), pI is 7.8; and for CMY-2 (pSenf), pI is 9.2.
␤-Lactamase purification and kinetic measurements. Cells of the E. coli HB101 subclone containing the recombinant plasmid pSK ϩ -OA2 (Table 1) were obtained from 4-liter cultures in brain heart infusion broth (Difco) at 37°C. Cells were harvested by centrifugation at 5,800 ϫ g for 30 min. The pellets (about 12 g [wet weight]) were washed by resuspending them in 24 ml of 0.15 M NaCl and centrifuging at 5,800 ϫ g for 20 min. The supernatants were discarded and the pellets were resuspended under the same conditions, lysed by sonication (Branson Sonifier), and centrifuged at 5,800 ϫ g for 1 h. The pellets were discarded. The crude extracts were cleared by centrifugation at 48,000 ϫ g for 30 min at 4°C. Nucleic acids were precipitated by adding spermine (0.2 M) (Sigma) and collected by centrifugation (30,000 ϫ g for 30 min at 4°C). The supernatant was dialyzed three times against 5 liters of distilled water and lyophilized. The enzyme was purified by chromatography on Bio-Rex 70 resin (weakly acidic cation exchanger) equilibrated with 10 mM Tris hydrochloride buffer, pH 7.0. The ␤-lactamase was eluted with a linear gradient of 0 to 0.6 M NaCl, and active fractions were pooled, desalted by three centrifugations and dilutions on an Ultrafree-20 centrifuge filter unit with a nominal molecular weight limit of 10,000 (Sigma), and used rapidly for kinetic studies. The kinetic constants k cat and K m for substrates were determined by a computerized microacidimetric assay at pH 7.0 and 37°C in 0.1 M NaCl as described by Labia et al. (20) . One ␤-lactamase unit is defined as the amount of enzyme hydrolyzing 1 mol of benzylpenicillin in 1 min at pH 7.0 and 37°C. In this test, the initial benzylpenicillin concentration is 500 M.
DNA sequencing, PCR amplification, and sequence analysis. The insert of the recombinant plasmid pBK-OA1 was sequenced using the method of Sanger et al. (30) , with fluorescent dye-labeled dideoxynucleotides, thermal cycling with Taq polymerase (Amersham), and an ABI 373A DNA sequencer (Applied Biosystems, Foster City, Calif.). We studied the variability of the ampC genes of O. anthropi using two primers designed to amplify the entire coding region in the six reference strains: upper ochro (5Ј-AATTTTTCTAATGCCAAGTGCT-3Ј) and lower ochro (5Ј-GCCTATTGCTTGTTGTCGAG-3Ј) (see Fig. 2 ). The PCR products were sequenced and analyzed. The BLASTN program of NCBI (http: //www.ncbi.nlm.nih.gov) was used for database searches, and Clustal W (http: //www.2.eib.ac.uk./clustalw) was used to align multiple protein sequences.
Nucleotide sequence accession numbers. The bla OCH gene nucleotide sequence data appear in the EMBL nucleotide sequence database under accession no. AJ401618 for bla OCH-1 , AJ295340 for bla OCH-2 , AJ295341 for bla OCH-3 , AJ295342 for bla OCH-4 , AJ295343 for bla OCH-5 , AJ295344 for bla , and AJ294345 for bla .
RESULTS
Antimicrobial agent susceptibility. The MICs of ␤-lactams for all strains of O. anthropi showed that these strains were resistant to all ␤-lactams tested except imipenem (Table 2) . Clavulanic acid was ineffective and tazobactam slightly reduced resistance to piperacillin. The E. coli XL1(pBK-OA1) clone and the E. coli HB101(pSK ϩ -OA2) subclone had similar resistance phenotypes: resistance to all penicillins (intermediate resistance to piperacillin in the clone harboring pBK-OA1), resistance to all cephalosporins except cefepime, intermediate susceptibility to aztreonam, and susceptibility to imipenem.
IEF. A band of ␤-lactamase activity was detected in each strain of O. anthropi in analytical IEF experiments. The corresponding pI was 8.9 for the parental strain O. anthropi SLO74.
The pI values for the six reference strains of O. anthropi were from 8 to 9.2 (CIP 82113, pI ϭ 9; CIP 83115T, pI ϭ 8; CIP 83116, pI Ն 9.2; CIP 102332, pI Ն 9.2; CIP 103949, pI ϭ 9.2; CIP 103952, pI ϭ 8.5) (data not shown).
Cloning and sequence analysis of bla OCH-1 and subcloning. Total genomic DNA from O. anthropi SLO74 was digested with EcoRI and inserted into the EcoRI site of pBK-CMV. Four identical recombinant E. coli XL1 clones were obtained. One harboring pBK-OA1 (insert, 4.7 kb) was selected for further study. It produced a ␤-lactamase with a pI of 8.9. The entire 4,743-bp DNA insert was sequenced on both strands. We found that this insert contained five open reading frames (ORFs) (9) . ORF3 was 1,169 bp long and encoded a 390-amino-acid sequence. This ORF was preceded by putative Ϫ35 (TTGTCG) and Ϫ10 (GTATAT) promoter regions and a putative ATG initiation codon at position 1070 (Fig. 2) . The consensus sites, SVSK and KTG, characteristic of serine ␤-lactamases were detected in the deduced amino acid sequence of the protein (17) . The structural element characteristic of class C ␤-lactamases, YSN (24), was also detected (Fig. 3) . The deduced amino acid sequence (OCH-1) was 42 to 52% identical to those of other chromosomally encoded and plasmid-encoded class C ␤-lactamases (Fig. 4) . Immediately upstream from the bla OCH-1 gene was ORF2, an 867-bp ORF containing an ampR gene. This ampR gene had an overlapping and divergently oriented promoter (2): the sequences of boxes Ϫ35 and Ϫ10 were AACGCG and GCAATA, and a Lys-R motif (CTTTTTAAACC) (15, 21) was found (Fig. 2) . The deduced amino acid sequence of the AmpR protein showed this protein to have a helix-turn-helix domain at the N terminus (15, 21) . The AmpR protein of O. anthropi was 46 to 62% identical to other AmpR proteins (Fig. 5) . pBK-OA1 was double digested with SacII and EcoRI, and the resulting fragment was inserted into pBC SK ϩ . The E. coli HB101 subclone harbored a recombinant plasmid, pSK ϩ -OA2.
DNA sequencing showed this plasmid to contain an insert of 3,141 bp. The ampC gene (ORF3) and a truncated ampR gene (ORF2) were identified in this insert (Fig. 1 ). This subclone was used for kinetic measurements for the OCH-1 ␤-lactamase. Biochemical properties of OCH-1. The ␤-lactamase of O. anthropi produced by the E. coli HB101(pSK ϩ -OA2) subclone was overproduced, and crude extracts were found to have a specific activity of about 1,000 mU per mg. The enzyme was purified and the final preparation of the enzyme was Ͼ90% pure, as shown by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, which was similar to results published for other class C ␤-lactamases (5). The isoelectric point of the enzyme, determined by analytical IEF (1), was 8.9. This enzyme had a low k cat for penicillins, a high k cat for cephalothin and cefaloridine, and similar k cat values for oxyimino cephalosporins (Table 3) , but the K m measured for cefotaxime was low (9 M), whereas those measured for cefepime, cefpirome, and ceftazidime were high. Aztreonam was a poor substrate, with no detectable hydrolysis and a high K i (data not shown). For cephamycins (cefoxitin and cefotetan), no hydrolysis was detected, but the K i s were very low (excellent affinity) ( Table 3) . sequence analysis showed few differences (Fig. 3) . The percentage of identity was between 96 and 99%.
DISCUSSION
O. anthropi is a gram-negative, mobile, aerobic, oxidasepositive, rod-shaped bacterium that often infects immunocompromised hosts (11, 14) . The most frequent infection due to O. anthropi is central venous catheter-related bacteremia (10, 18) . O. anthropi is generally resistant to all ␤-lactams except imipenem (4). The clinical strain SLO74 has this restoring resistance phenotype. The antimicrobial agent susceptibility of this strain and of the six reference strains confirmed this resistance to all ␤-lactams except imipenem. ␤-Lactamase inhibitors were inactive (clavulanic acid) or had only weak activity (tazobactam) in restoring susceptibility to penicillins. Among the gramnegative bacteria, O. anthropi is the most resistant to ␤-lactams (e.g., Stenotrophomonas maltophilia, which in addition is resistant to carbapenems) (31) .
We investigated the cause of this high level of resistance to ␤-lactams by searching for ␤-lactamase production. All strains studied had a ␤-lactamase with a pI in the alkaline range (8 to 
Ͼ9.2).
The pattern of susceptibility, inactivity of inhibitors, and alkaline pI suggested the presence of a class C ␤-lactamase (6). Using total DNA digested with EcoRI, we obtained four identical recombinant clones. The E. coli XL1 clone harboring the recombinant plasmid pBK-OA1 was resistant to all ␤-lactams (intermediate resistance to piperacillin and aztreonam) except cefepime and imipenem. This profile differed from that of the parental strain, O. anthropi SLO74, essentially in the level of resistance to cefepime. Cefepime is known to be stable and to be unaffected by class C ␤-lactamases (29) . Therefore, the resistance to cefepime observed in the parental strain and in the six reference strains may be due to an impermeability mechanism (26) . Analysis of the DNA sequence of the 4,743-bp insert of pBK-OA1 showed the presence of a gene with less than 50% identity to genes encoding class C ␤-lactamases. The deduced amino acid sequence contained two sites characteristic of active-site serine ␤-lactamases (SXXK and KXG) and a site characteristic of class C ␤-lactamases (YXN). The protein, OCH-1, was 42 to 52% identical to various different chromosomally encoded and plasmid-encoded class C ␤-lactamases. The highest level of sequence identity to OCH-1 was recorded with a class C ␤-lactamase called CepS (Aeromonas sobria) (32) , with 52% identity. It is a new class C ␤-lactamase, very distantly related to other known class C enzymes.
The kinetic parameters of the purified OCH-1 ␤-lactamase from O. anthropi are typical of class C ␤-lactamases such as that produced by Enterobacter cloacae P99 (23) . OCH-1 conferred resistance to all ␤-lactams except cefepime and imipenem. The level of resistance to extended-spectrum cephalosporins is high and comparable to that observed in Enterobacteriaceae overproducing the chromosomal class C ␤-lactamase, and it was therefore not possible to observe the inducible effect of cefoxitin or imipenem by standard diffusion (2) .
Immediately upstream from the ampC gene was a gene in the opposite orientation that was 45 to 60% identical to known ampR genes. A helix-turn-helix motif was detected at the Nterminal end of the deduced amino acid sequence, as observed in other AmpR proteins and typical of transcriptional activators of the the Lys-R family (15, 21) .
Analysis of the intercistronic region showed the presence of a Lys-R motif. The DNA sequence of this motif displayed a higher level of identity to the corresponding region in Pseudomonas aeruginosa PAO01 (22) than in Enterobacteriaceae (Fig.  6 ). This region is very long (193 bp) and is longer than the intercistronic region present in P. aeruginosa PAO01 (22) . The putative promoters of the ampC and ampR genes overlapped and were divergently oriented, as previously described for the ampC-ampR regulatory system (23) .
Comparison of the seven deduced AmpC amino acid sequences from the parental strain, SLO74, and the six reference strains of O. anthropi showed that there were seven different ␤-lactamases, with amino acid sequences that were 96 to 99% identical. We obtained seven different pIs, confirming this observation. These seven ␤-lactamases are very distantly related to the other group of class C ␤-lactamases. The ␤-lactamase present in strain SLO74 was named OCH-1, and the others present in the six reference strains of O. anthropi were named OCH-2 (CIP 82113), OCH-3 (CIP 82115T), OCH-4 (CIP 82116), OCH-5 (CIP 102332), OCH-6 (CIP 103949), and OCH-7 (CIP 103952).
